The association between a myxosporidian parasite, Chloromyxum thyrsites, and "milky" specimens of the gempylid fish Thyrsites atun has been previously described by Johnson and Cleland (1910) and Gilchrist (1924) . This association has been again confirmed in the present work with the addition of observations, from post-mortem studies, which show that there is a close correlation between the presence of aggregates of the parasite and the progressive liquefaction of the somatic muscular tissues (the condition of "milkiness" which may affect from 5-7 per cent. of the commercial catches of Thyrsites atun).
I. INTRODUCTION The gempylid fish, Thyrsites atun, known popularly in Australia as the barracouta, occurs abundantly off the southern coasts of Australia, where it is of some commercial importance. This fish appears to be co-specific with the South African snoek. Commercial catches of both the Australian and South African forms have long been known to contain variable numbers of peculiarly diseased specimens, in which, from a few to twenty-four hours after capture, the flesh softens and finally disintegrates into a thick, viscous mass. Such fish are known as "milky barracouta" or "pap snoek" and they may constitute 5 per cent. of the catch in South Africa (Gilchrist 1924) , or from 5-7 per cent. in Australia (Blackburn, unpublished data) .
Until the work of Gilchrist (l.c.) the South African fishermen believed that "milkiness" was the consequence of a bruising of the flesh due to inexpert handling. Some years previously, however, Johnston and Cleland (1910) had demonstrated the presence of large numbers of myxosporidian spores in the flesh of the Australian "milky barracouta" and thus established the possibility that the degeneration was the result of a protozoan infection of the musculature. The structure of the spores led Johnston and Cleland to ~ssume that they were produced by a species of the myxosporidian genus Chloromyxum. Gilchrist found spores of a similar type in "milky" specimens of the snoek and established a new species, Chloromyxum thyrsites, to include the spore forms observed by Johnston and Cleland and himself.
Johnston and Cleland did not observe the vegetative forms of C. thyrsites, and although Gilchrist made some interesting observations he did not demon~ strate conclusively that the chains of rectangular, uninucleate bodies, which he assumed to be the vegetative organisms, had any genetic connection with the spores. Owing to the deficiencies in our knowledge of the vegetative life of the parasite, and of its life history, it has been impossible up to now to determine the exact relation which it bears to the muscular degeneration observed in "milky" fish, and to orientate methods of field research.
II. MATERIALS AND METHODS
The fact that our previous knowledge of C. thrysites has been largely restricted to the spore is the result of certain difficulties in the way of obtaining properly fixed material from freshly caught, infected fish. The host, Thyrsites atun, is an oceanic fish which is normally caught by commercial fishermen only. Since these have no reliable method for discriminating between infected and LIFE HISTORY OF CHLOROMYXUM THYRSITES 381 non-infected fish at the moment of capture, the only specimens to reach the hands of investigators on. land have been disintegrated, "milky" fish, showing advanced sporulation of the parasites.
At the outset of the present work, the author was enabled to spend a week (February 15 to 22,1949) on the Federal Research Vessel "Liawenee" for the purpose of barracouta fishing in Port Phillip Bay and Bass Strait. From the catches made in the vicinity of Barwon Heads, thirty freshly caught fish were selected at random. Slices, about 5 mm. thick, were excised from the somatic musculature of each selected fish and fixed in one of the following mixtures: aqueous Bouin, Carnoy, mercuric chloride-acetic acid (95 parts saturated aqueous solution of the former to 5 parts acetic acid). In addition, samples of the wall and contents of the alimentary canal were obtained from each fish and fixed in 5 per cent. formaldehyde-saline. After an interval of 5-6 hours each fish was sampled again, in exactly the same manner. The remains were then left overnight in order to determine any potentially "milky" fish. Two fish from among the thirty sampled turned "milky" overnight. From these were obtained fixed smears and casts made by squirting the decomposing flesh from a pipette into fixative.
The samples collected in the field were later embedded in wax and sectioned at various thiCknesses. Thick sections· (18) (19) (20) (21) (22) (23) (24) (25) proved to be of great value in the study of the trophozoite and spore, for they made it possible to examine these structures as a whole and in their true relationships to the tissues of the host.
Sections and smears were stained in Heidenhain's iron-alum haematoxylin, Ehrlich's haematoxylin and eosin, and Mann's methyl blue-eosin. Spores at various stages of maturity were also stained with a Lugol solution of iodine.
The drawings were made with an Abbe camera lucida in conjunction with a Leitz oil-immersion objective (ap. 1.30) and oculars 10 and 18.
The interrelation of the various stages de~cribed in the present paper has been demonstrated by the presence of the highly characteristic spore (with the spore aggregate and the sporulating trophozoites); and by the presence of some of the preliminary nuclear phenomena of sporulation (with the phases described as younger and older trophozoites). These criteria, applied to the materials available for the present work, lead to the conclusion that C. thyrsites was the only protozoan species present in the somatic musculature of the "milky" specimens; there was no trace of any metazoan parasite.
III. VEGETATIVE FORMS According to Gilchrist (1924) , C. thyrsites attacks the muscle fibres from .the outside, and in one instance only was it found penetrllting the muscle fibre (p. 271). Elsewhere (p. 269) ~e states that the trophozoites occur " . . . usually in long chains between the muscle fibre and the sarcolemma." Each chain' is described as consisting of from ten to fifty uninucleate cells; the outline of each cell is rectangular (5 JL X 4 JL ), the protoplasm homogeneous, and the nucleus rounded, with " ... no marked chromatin differentiation that could be seen or with slight indications of network." In. certain cases these cells occurred singly, or in groups; they are then described as being irregular or amoeboid in outline.
It will appear from the following account that there are considerable' discrepancies between the observations' made by Gilchrist and the author on the nature of the trophozoite, despite the fact that both have found the latter to be a uninucleate organism. It is true that the dimensions of the cells described by Gilchrist are approximately equal to those of the trophozoites of C. thyrsites, but the nuclear chromatin of the latter is always well differentiated. It seems likely that what Gilchrist has described as the vegetative forms are early sporoblasts, arranged in an unusual, linear order. In fixed material, the linear arrangement of erythrocytes in the blood capillaries lying upon the sarcolemma often suggests the appearance of Gilchrist's cell-chains; but the average dimensions of the erythrocyte are greater than those given by Gilchrist for the individual cells of each chain,and, in addition, he nowhere figures anything resembling a capillary wall, and the latter is nearly always apparent to assist in the discrimination of the erythrocytes. The possibility that there are some differences of vegetative habit between the Australian and South African forms of C. thyrsites must remain open for the present.
In the present work, all the observations made on trophozoites and sporemasses which could be allocated with certainty to C. thyrsites have shown that the parasite occurs within the fibres of the somatic body musculature (Plate 1, Fig. 2 ). In some cases, however, the parasite completely destroys the substance of the muscle fibre up to the sarcolemma and replaces· it with an aggregate of trophozoites or spores. When this occurs the aggregate may appear to lie freely in the connective tissue between the muscle fibres, especially when the plane of the section is at right angles, or oblique, to the long axis of the muscle fibres. With the aid of serial sections, or of longitudinal sections of ~he muscle fibre, however, it can be seen that these apparently free aggregates are continuous with non-infected segments of the same muscle fibre, in which the myofibrillar substance is preserved intact.
Within the muscle fibre the parasite is usually found as a closely packed aggregate of: (a) non-sporulating trophozoites of various ages (Fig. 1) , (b) sporulating trophozoites (Fig. 2) , or (c) spores in various stages of maturity. These marked, phasic differences in the nature of the aggregates which infect different muscle fibres may often be observed within a small area, often as small as 1 sq. mm., of the musculature of a freshly caught, potentially "milky" fish. It may be concluded, further, that the infection is distributed throughout the host in this manner, and that the differences of phase do not correspond to any differences in the localization of the parasite within the host. The assumption that the majority of the organisms comprising each aggregate keep pace with each other, as they develop through the succession of ph3.ses described above, is supported by all the observations made during the present investigation, subject to the qualiRcation that, in the younger stages, a small number of organisms may be out of phase with the majority of their neighbours. These Rndings are in general conformity with certain observations on Chloromyxum (Doflein 1898) and Leptotheca (Kudo 1922) , in which the young forms of these organisms are described as reproducing by Rssion before the development, at least in the case of the latter, of the sporulating phase .
e. a.
. d. 
(a) The Trophozoite before Sporulation
The appearance of an aggregate of the younger and older stages of the pre-sporulation trophozoite in two adjacent muscle Rbres is illustrated in Figure  1 . The young trophozoites are irregular organisms, often showing a slight elongation, but whose contours seem usually to be modiRed by the effects of mutual compression. The cytoplasm is homogeneous in constitution without a clearly deRned cortical layer; a distinct vacuolation. is often visible, even in the earliest stages.
The nucleus is almost invariably of the vesicular type, with the chromatin scattered as irregular particles upon a coarse network. In form, the nucleus is usually spherical, but may become irregular in outline. The average diameter of the spherical nucleus is 3-4 It.
In the absence of observations on the living organism nothing can be said about the locomotory powers of C. thyrsites. It is possible that the fine or lobose extensions of the cytoplasm, which are occasionally to be seen, may be pseudopodial in nature. On the other hand, the mode of growth of an aggregate, which seems always to be by the peripheral extension of the original infective focus, suggests that the trophozoites lie more or less inertly within the fibre.
There is no evidence to show that the trophozoite ingests the myofibrils of the muscle fibre, or that it is in any way a holozoic feeder. The disappearance of the myofibrils before a spreading infection must be attributed either to the action of some· extracellular enzyme, secreted by the trophozoites, or to some curiously localized autolysis of the muscle fibre. Aggregates of young trophozoites always appear to be immersed in a homogeneous, or sometimes granular matrix. The latter is almost certainly proteinaceous in nature, and a fluid, in the living host.
The significance of the vacuoles which appear in the cytoplasm of all stages of the trophozoite is discussed in Section IV.
It can scarcely be doubted that the aggregates of trophozoites found within the muscle fibres have been formed by the multiplication of one or a few initially infective stages. While the compact and isolated character of the aggregates, and the phasic similarities of their constituent organisms favour this view, the nature of the reproductive process remains rather obscure. All the available evidence points to the existence of a simple binary fission in the young trophozoites, preceded by binary, amitotic fission of the nucleus. In many young trophozoites the nucleus becomes elongated (Fig. 1 ) and often folded upon itself; in others the elongated nucleus shows a median, transverse constriction; finally, in a comparatively small number of forms (Fig. 3) the nucleus may be seen to divide, almost completely, into two spherical daughter nuclei.
These stages appear to demonstrate the amitotic, binary fission of the nucleus. No division of the cytoplasm has been found to accompany the division of the nucleus and it is clear that, if cleavage occurs at all, it must be at a late stage in the division of the nucleus. The occurrence of pairs of trophozoites (as in Fig. 1, p.t.) , in which the appearance of the nucleus and cytoplasm of each organism suggests that these have arisen by binary fission, provides the only other evidence for this' mode of reproduction in C. thyrsites. Amitotic division of the vegetative nucleus, and binary fission of a uninucleate trophozoite have both been observed in other myxosporidians; the former occurs in a variety of genera (Davis 1923; Debaisieux '1924; Kudo 1926) , the latter in Leptotheca ohlmacheri (Kudo 1922) .
The possibility of reproduction by budding, and the question of the formation of the sporoblast nucleus are both considered in Section IV.
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In the aggregates of younger trophozoites (see Fig. 1 ) the separate character of the constituent, uninucleate organisms can be observed directly. Later, owing to an increase in the size of the trophozoites, each aggregate forms a (compact mass in which all the organisms are contiguous. When the spores are formed, the superficial appearance of the aggregate is that of a large, polysporous plasmodium (Fig. 2) . Close observation, however, shows that these apparently plasmodial masses can be resolved completely into the following components: (i) spores (sp.), which lie in vacuoles (v.) , enclosed by (ii) dense, but often thin, protoplasmic walls resembling those surrounding the early sporogenous vacuoles (Fig. 8) , and (iii) masses of extravacuolar protoplasm (e.p.), which contain the vegetative nuclei (v.n.), and often lie excentrically at the side of the vacuoles.
sp.
s.
v.n.
'ltt'-~I e.p. e.p., Extra-vacuolar protoplasm; s., sarcolemma of muscle fibre; sp., spore; v., sporogenous vacuole; v n., vegetative nucleus.
Polar capsules indicated by cross-hatching.
Since there is no distinct protoplasmic cortex around the aggregate it seems clear that no plastogamic fusion of the trophozoites has occurred, and that the aggregate is still, as in earlier stages, a mass of discrete and almost perfectly contiguous trophozoites.
Confirmation of this analysis of the sporulating aggregate is provided by post-mortem material, in which, after the breakdown of the muscle fibre, the individual sporulating trophozoites become separated.
The sporogenous vacuoles are usually elongated and interwoven in a com-. plex manner; observations made on those which could be viewed entire showed the presence of either one, two, or several (up to seven) spores. When several spores are present, they are often arranged in the form of a rosette (cf. Fig: 11 ) .
.t· :'~"""":::' Compared with the nuclei of the young trophozoites, the vegetative nuclei of the sporulating forms show an increase in size and a greater irregularity of outline. The latter seems' obviously to be the effect of the compression produced by the presence of the sporogenous vacuoles with their contained spores.
( c) The Spore Aggregate The final phase in the development of an infective focus may be termed the spore aggregate, or "pseudocyst," to use the term introduced by Hahn ( 1917) in his description of the intra-muscular spore clusters formed by Chloromyxum clupeidae.
The spore aggregate of C. thyrsites (Plate 1, Fig. 1 ) is the most abundant phase of the parasite to be found in the muscles of a potentially "milky" fish which has been fixed immediately after capture. In structure, it resembles an aggregate of sporulating trophozoites except that the vegetative nuclei are absent and the residual, extravacuolar masses of protoplasm are either absent or degenerate. The absence of the vegetative nucleus is apparently due to the degeneration of this structure, and not to its transformation into a sporoblast, or other form of propagative nucleus. Figure 9 shows an organism from an intermediary phase in the development of the spore aggregate, in which the vegetative nucleus is degenerating, and the chromatin only faintly basiphilic.
The walls of the sporogenous vacuoles persist in the mature spore aggregate as a delicate reticulum in which the spores are embedded. This reticulum is occasionally absent, presumably as the result of degeneration.
The forms and the dimensions of the spore aggregates vary considerably. In some cases the spores are arranged in irregular masses, either scattered throughout the homogeneous fluid within the degenerating muscle fibre, or suspended into this fluid from the sarcolemma. In other cases (as in Plate 1, Fig. 2 ), the infective focus appears to maintain peripheral contact with the enveloping myofibrils and to give rise to a spore aggregate with a definite, and usually ellipsoidal form. In either case, the size of the aggregate may vary from that of a small cluster of spores to that of a massive column extending almost the whole of the distance between two successive myocommata.
No cyst wall, or other defensive membrane elaborated by the host, has ever been observed around aggregates of trophozoites or spores. This is not surprising, since the periphery of the aggregates does not come into contact with the connective tissues of the host until after the post-mortem breakdown of the muscle fibres.
The variations in size shown by the spore aggregates of C. thyrsites are of considerable interest, since they show that the vegetative life of the trophozoites may come to an end after varying periods in the development of an infective focus. Whether the termination of trophic life is mainly determined by innate, constitutional factors in the parasite, or by changes in the immediate environment, is not known.
IV. THE SPORE AND SPORULATION
(a) The Mature Spore In describing the structure of the spore (Fig. 12A-D) , the surface upon which the polar capsules open will be termed the apex, and the opposite surface the base of the spore.
The spores of C. thyrsites are essentially pyramidal in form, with the lateral angles drawn out basally into pointed rays. The length of the spore, measured from the apex to the middle of the base, varies from 6-7..... The points· of the rays may usually be inscribed in a square, the side of which varies in length from 12-17..... Sometimes, however, the rays are slightly unequal in length, one ray being longer, and it~ diagonally opposite fellow shorter than the two remaining rays which are usually sub-equal. These inequalities in the lengths of the rays give a dagger-shaped appearance to the spore. The capsulogenous cells are four in number and are lodged mainly in the apical region of the spore, but reach down unequally into the basal region which houses the sporoplasms. Each cell is ovoid, when viewed longitudinally, but circular in cross section; it consists of a thin membrane surrounding a clear space in which the elongated, essentially ovoid polar capsule is situated.
The four capsulogenous cells are invariably of unequal size. Usually, one cell is considerably larger than the others and reaches down to the base of the spore; the remaining cells may be sub-equal, or, two of them, lying diagonally opposite each other may be equal or sub-equal.
The sizes of the polar capsules vary in the same sense as their containing capsulogenous cells. Inequalities in the sizes of the polar capsules were observed by Gilchrist ( 1924) in the spores of the South Mrican form of C. thyrsites, and also by Perard (1928) in the spores of C. histolyticum.
The nuclei of the capsulogenous cells persist throughout all stages in the maturation of the spore. This is an unusual feature in the Myxosporidia, but is recorded by Kudo (1919) for C. clupeidae, and also by Meglitsch (1942) for C. opladeli. Normally, the nuclei of the capsulogenous cells disappear in the mature spore. In C. thyrsites, these nuclei are rounded and vesicular in the young spore but later, and finally, the chromatin becomes condensed (pycnotic) and each nucleus' takes the form of an irregular, Hattened, and frequently curved disc which lies in the wall of a capsulogenous cell, along its length. Two of the nuclei occur on the adjacent surface.s of a neighbouring pair of capsulogenous cells; the two remaining nuclei occur on the opposing surfaces of their respective cells. This is a peculiarity which does not appear to have been noticed previously in C. thyrsites, o:r in any of the other species with tetraradiate spores.
The substance of the polar capsules appears to be completely homogeneous and shows no trace of a spiral thread.
The sporoplasms are two rounded masses of protoplasm lying in the basal region of the spore; each possesses a single rounded nucleus. No fusion between the sporoplasms has been observed at any stage in the maturation of the spore. There is no iodinophilous vacuole.
In sections of spores which have been stained with Heidenhain's iron-alum haematoxylin, a mass of intensely chromophile substance may be seen around the apices of the capsulogenous cells of the mature spore (Fig. 13C, c.s.) . The appearance is that of slender bars which lie in the wall of the capsulogenous cell and which converge towards the ape~ of the spore; in the· complete spore, however, the chromophile substance forms a cap around the apex of each capsulogenous cell. The significance of this chromophile material is not known.
The form of the spore, and the structural details of the spore membrane are best studied in some medium of low refractive index; water was found to be most suitable in the present studies. The spore membrane is extremely thin, and is devoid of any surface ornamentation. When the base of the spore is studied in optical section, the spore membrane is seen to consist of four parts which are separated by small, intercalated and highly refringent areas (Fig. 12,  A-C, i.a.) . As the optical focus is raised towards the apex of the spore this appearance persists for a while, but is finally confused, in the apical region, by a refraction from the apposed surfaces ·of the capsulogenous cells. Whether the intercalated areas of refringence in the spore membrane represent sections of two suture lines could not be decided, and the latter must be described as obscure, as in a large number of species of Chloromyxum. In the Myxosporidia the spore membrane is typically a bivalve structure, excepting the cases where it is described as obscure.
Nevertheless, the possibility of a fundamental quadrivalve structure in C. thyrsites must be borne in mind, especially in view of the close association of four nuclei with the cystogenous layer from which the spore membrane is formed in the young spore (see below).
(b) The Young Spore The young spores (Fig. 13A and B) are spherical structures with an average diameter of 4-5 I-t, which is approximately equal to that of the oldest syncytial sporoblasts and also to that of the mature spore when this is measured between the bases of the rays. The fact that the diameter of the young spore is about equal to one half of that of a mature spore measured between the tips of diagonally opposite rays is accounted for by the late development of the latter. c., Cell boundary; c.s., chromophile substance at the apex of a capsulogenous cell; c.l., cystogenous layer; c.n., nucleus of capsulogenous cell; p.c., polar capsule; sp., sporoplasm; n l , n 2 , n 3 , n.,. four superficial nuclei which bear a close relationship to the cystogenous layer.
The stage represented by Figure 13A is the first in which cellular organization becomes apparent in the development of the spore. The constituent cells are of varying sizes and contain a homogeneous protoplasm. Presumably, some of the inequalities in the sizes of the cells occur in the early capsulogenous cells, for the size variations of the latter are a constant characteristic of the mature spore.
Ten nuclei are present in the young spore. There are thus four nuclei in addition to those of the sporoplasms and the capsulogenous cells. It is difficult to determine the significance of the additional nuclei; they all appear to lie superficially, and at equal distances apart. Two at least lie within the superficial layer of protoplasm which covers the surface of the young spore, but it is difficult to decide whether the remaining two nuclei lie within this layer or are closely applied to it. The superficial layer of protoplasm is apparently a cystogenous or membrane-forming layer; it is thickest in the trans-verse plane lying midway between the apex and base of the spore. In studies on other Myxosporidia it has been found that separate cells cooperate· in the formation of the spore membran~. It may be suggested by comparison, that the cystogenous protoplasm of C. thyrsites consists of contiguous cells. No cell boundaries could be traced, however, to lend support to this view, but this may only be a reflection of the difficulties in making accurate observations on the cystogenous layer, except as it appears in profile views of the young spore.
( c) Sporulation
The establishment of the fact that ten nuclei are present in the young spore of C. thyrsites is of great assistance in the interpretation of the complex events occurring during the developm~nt of the sporoblast nucleus; even so, the following account is far from complete, and serves mainly to focus attention on some problems of considerable interest.
The sporoblast (Figs. 7-10) is a rounded mass of homogeneous protoplasm which is formed, and develops, in a vacuole. The latter, which may be described as the sporogenous vacuole, is surrounded by a wall of dense protoplasm. Sporogenous vacuoles of this type appear to be rare in myxosporidians; in the trophozoite of Chloromyxum koi, however, Fujita (1913) has described the occurrence of single spores in large spherical vacuoles lined with a layer of differentiated protoplasm.
In C. thyrsites, the sporogenous vacuoles appear first in the cytoplasm of the older trophozoites before the appearance of the sporoblast (Fig. 1, o.t.) . When more than one vacuole is present the trophozoite usually assumes a spherical form which may reach a diameter of 1211.
It is possible that the sporogenous vacuoles may originate in the fusion of. the small vacuoles which are present in the cytoplasm at all stages. On the other hand, there is a correlated increase in the average dimensions of the trophozoite which suggests that some fluid may be secreted into the vacuoles. This increase in size suggests further that the principal function of the sporogenous vacuole is to provide a space in which the spore can develop, for the mature spote may ~e as large as, or even larger than, the trophozoite before the formation of the vacuole; it may also protect the developing spore from the effects of compression which must occur during the muscular movements of the host.
The size of the . sporogenous vacuole increases· proportionately if the trophozoite becomes di-or polysporous (Fig. 11 ).
Although· the principal features of the sporulation process are well known in many myxosporidians, there is much controversy about the origin and behaviour of the nuclei found in the early stages in the development of the spore (see Dunkerly 1925 for a review of the most important literature in this controversy). Moreover, it is beyond dispute that there are important variations, even in the outlines of the process, amongst the genera which have been investigated. Typically, a tetramicleate pansporoblast is formed at an early stage in development; this later gives rise to two spores, as in Myxobolus (Keysselitz 1908) ; but in Leptotheca ohlmacheri, Kudo (1923) observed two separate, uninucleate, generative cells, each of which formed a single spore.
The typical tetranucleate pansporoblast contains a pair of large and a pair of small nuclei, and is preceded in development by a two-celled stage, with a large and a small nucleus. The association of a large and a small nucleus in the binuncleate form might arise from the heteropolar division of a uninucleate cell or by the association of a small and a large free cell (microcyte and megalocyte). The former view was held by Dunkerly (1925) , and the latter by Georgevitch (1914) . and Keysselitz (1908) . There is a similar divergence of opinion about the origin of the four-celled stage; some workers, like Dunkerly (I.e.) and Keysselitz (I.e.) believe that it is formed by the fusion of two binucleate sporoblasts, others, like Naville (1930) favour the view that the two unequal pairs of nuclei are formed by the division of the large and small nuclei of the binucleate stage.
In C. thyrsites, the early forms of the sporoblast (Figs. 7, 9) show an association of a large and a small nucleus which is clearly comparable to the binucleate stage of the sporoblast in Agarella (Dunkerly 1925) and Myxobolus (Keysselitz 1908 ) except that there is no indication of cellular organization. The chromatin of the nuclei is condensed (pycnotic) so that it appears as a homogenous mass which takes nuclear stains intensely. No evidence has been obtained to show that the binucleate sporoblast is formed by the fusion of separate free cells. On the other hand, a process of free cell formation occurs within the trophozoite; this is manifested by the appearance (Fig. 6 ) of small, uninucleate cells with large or small nuclei. These cells lie within a vacuole, which is presumably a sporogenous vacuole. The possibility that the binucleate sporoblast may be formed by the fusion between a large and a small free cell must therefore remain for the present. That the free cells may also represent endogenous buds, which are later set free to form uninucleate trophozoites, must also be borne in mind, especially in view of the occasional appearance, in some trophic aggregates, of small protoplasmic bodies, each with a rounded pycnotic nucleus. But, against this conception of the free cell as a prop;lgative bud must be set the observation that free cell formation occurs only in' sporulating phases of the aggregates.
The question of the origin of the nuclei found in the sporoblast and the free cells remains to be considered. In Lepthotheca ohlmacheri, Kudo (1923) observed that the generative nucleus was formed from a product of the binary fission of the vegetative nucleus of the trophozoite; this generative nucleus could be recognized subsequently because it developed certain distinctive morphological characters. That the generative or sporoblast nucleus of C. thyrsites may arise in a similar way is suggested by the specimen illustrated by Figure 5 . In this specimen, two nuclei are present, one of which is a typical vegetative nucleus, the other, lying adjacent to it, is spherical, and shows the pycnotic character of sporoblast nuclei. Such a nucleus might give rise to the binucleate sporoblast, either by heteropolar nuclear division, or by the fonuation and later fusion of free cells.
On the other hand, a large number of observations made during the present work establish the possibility that the sporoblast nuclei may be formed within the vegetative nucleus, and later extruded into the cytoplasm (see Figs. lA, 4, 9) . In the vegetative nucleus of the young trophozoite, the chromatin is scattered in the form of small irregular blocks over a coarse network; in older trophozoites, large endosomes appear within the nucleus. These are usually ovoid or spherical, and lie in contact with the nuclear membrane. Figures 4 and 9 illustrate organisms in which these endosomes appear to be extruding from the nucleus into the cytoplasm. If this interpretation is correct, it would seem that the vegetative nucleus of the trophozoite consists of somato-and idiochromatinic elements which separate at the time of sporulation.
It has proved difficult to discover the true sequence of events in the subsequent development of the sporoblast. It is clear that the . sporoblast increases in size, presumably at the expense of the trophozoite, and that each nucleus divides, the daughter nuclei persisting in the pycnotic condition until the establishment of the phase which has been previously described as the young spore. Pycnosis of the sporoblast nuclei has been observed previously, for example in Agarella by Dunkerly (1925) who believed that it was a characteristic of the nucleus at the time of division. If this be true, then it must be that, in C. thyrsites, where pycnosis is shown by all the nuclei of the early sporoblast, the divisions of the nuclei follow in rapid succession, with short resting periods.
The final stages in the nuclear development of the sporoblast appear to be represented by the fonus illustrated in Figures 8 and 10 . In these forms there' occur a large number of intensely chromophile masses of varying sizes. A careful enumeration of the particles belonging to the various size grades led to the following results:
(i) The number of the largest particles is typically nine, but potentially ten since in one specimen (Fig. 10 ) one of these particles is obviously undergoing division. (ii) There are a variable number of small particles; in the stage illustrated by Figure 8 there are nine small particles; each of these appears to be closely related to one of the larger masses. (iii) In some specimens (Fig. 8) there may be particles of intenuediate size, but these do not often appear.
This is admittedly a complex picture, but certain preliminary conclusions about its composition may be drawn. The first is that the larger masses are derived from the large nucleus of the binucleate sporoblast and that they represent the pycnotic precursors of the ten vesicular nuclei found in the young spore. Secondly, the distribution and behaviour of the smallest particles suggest that these are centrioles. The occasional masses of intenuediate size may be derived from the small nucleus of the binucleate sporoblast; there is no evidence for their persistence beyond the stage illustrated by Figure 10 .
When the trophozoite becomes di-or polysporous, each spore develops from a separate sporoblast along the lines indicated above. In such cases the development of the separate sporoblasts is usually not synchronous. There is thus no evidence for the existence, in C. thyrsites, of a typical myxosporidian pansporoblast such as Erdman ( 1916) and Woolcock (1935) described in C. leydigi and C. pristiophori respectively. This need not constitute an absolute difference between C. thyrsites and the other species of its present genus, however, since in the monosporocystid' species of Chlorornyxurn there must presumably be atypical events in the sporulation process, but these do not appear to have received detailed attention up ttl the present.
The appearance presented by specimen b (Fig. 1) suggests that of a typical myxosporidian pansporoblast, but in view of all the other evidence it must be assumed either that free cells were being formed or that two binucleate sporoblasts have come to lie side by side.
V. SYSTEMATIC POSITION
The observations made in the present work on the vegetative phases of C. thyrsites make it essential to review the generic position of this species. The uninucleate condition of the trophozoite, prior to sporulation, contrasts sharply with the multinucleate plasmodium found in all the remaining species of Chlorornyxum in which the trophozoite has been observed. This difference is sustained by the distinctive fea~ures of the spore and the sporulation process which have already been described. It would seem that the characteristics of C. thyrsites are sufficiently distinctive to justify its separation into a new genus.
There are, however, good reasons for not taking this step at the present time. In the first place, it must be remembered that the present-day classification of the Myxosporidia is based almost entirely upon the characters of the spore, and these, as defined by Kudo (1919) , justify the present generic position of C. thyrsites.
When the characters of the spore are used to determine· the interrelationships of the existing species of Chloromyxum, a most interesting correlation between spore-type and parasitic habit is revealed. In all, there appear to be four recorded species of the genus in which the spore is of the quadrangular or tetraradiate type found in C. thyrsites; each of these species is also a parasite of muscular tissue. C. histolyticum Perard (Perard 1928) , a parasite of the somatic muscles of the European mackerel (Scomber scomber), appears to bear the closest resemblance to C. thyrsites. It produces a quadrangular spore (12-15 It wide) and the capsulogenous cells are of unequal size with persistent pycnotic nuclei. In addition, the presence of the parasite in large numbers is associated with a post-mortem liquefaction of the muscular tissues which closely resembles the "milkiness" of barracouta which are heavily infected with C. thyrsites. C. clupeidae Hahn (Hahn 1917) and C. quadratum Thelohan (Thelohan 1895) are also found as parasites of muscular tissue in a large number of fish hosts LIFE HISTORY OF CHLOROMYXUM l'HYRSIl'ES 395 (including Trachurus trachurus, the horse mackerel, in the case of C. quadTatum. ) Each possesses a quadrangular spore with polar capsules of approximately equal size. Pycnotic nuclei are persistent in the capsulogenous cells of C. clupeidae (Kudo 1919) . C. funduli Hahn (Hahn 1915) , is another species which has been recorded from muscular tissues, but Kudo (1919) appears to doubt whether it is specifically distinct from S. clupeidae.
It is worth noting that C. thyrsites and C. histolyticum are both restricted to scombriform fishes (Thyrsites atun and Scomber scomber respectively) and that another scombriform fish is among the hosts from which C. quadratum has been recorded.
It is unfortunate that, of the five species of Chloromyxum which produce a quadrangular spore, the trophoz<;>ite and the main features of the sporulation process are known only in C. thyrsites. If the distinctive features of the latter are found, by later investigations, to be shared by the remaining species, it will be necessary to create a separate genus for them, and to reserve the old genus Chloromyxum Mingazzini for the predominantly coelozoic forms with a plasmodial trophozoite.
VI. PosT-MoRTEM DEVELOPMENTS IN HOST AND PARASITE A study of the post-mortem conditions in the host has shown that normal trophozoites may persist, although in decreasing numbers, until the onset of "milkiness" in the muscular tissues. Aggregates of sponilating trophozoites have also been observed, but with certain features which distinguish them from comparable forms in the living host. Thus, the monosporous condition is predominant, and that it is final is shown by the accompanying degeneration of the vegetative-nucleus of the trophozoite. Spores at all stages of maturity may be found uP. to 6 or 8 hours after death. After that period, and up to the onset of "milkiness" the number of mature spores appears to increase. From this, and the observations made on the trophic stages, it may be inferred that the trophic life of the infection is gradually brought to an end by a final process of sporulation.
The post-mortem phases which have so far been described all conform to the pattern of the life history as it occurs in the living host. There are, however, certain anomalous forms, which are most frequently encountered about 8-12 hours after the death of the host (Plate 3, Fig. 2 ). Although it is not known whether these forms are sufficiently viable to produce an aggregate of mature spores, they are worth describing because' it is clear that the anomalies which they show cannot all be attributed to simple post-mortem degeneration, but seem to reflect some unusual, vital response on the part of the parasite. Each of these forms consists of a compact aggregate of rounded protoplasmic masses, each with dimensions which approximate to those of a normal polysporous trophozoite. Each mass is highly vacuolated, and may contain one or several nuclei, and occasionally a small number of intensely chromophilic granules. If one nucleus is present, it may be vesicular or pycnotic, but if several are present, they are usually all pycnotic. Plate 3, Figure 2 , records a specimen in which both types of nuclei occur. The characteristic aggregates of C. thyrsites have been observed in all aggregates of this type, although not in large numbers. It is very difficult, at present, to interpret the significance of these post-mortem appearances. The most feasible suggestion seems to be that they represent normal trophic aggregates in which the cytoplasm of each trophozoite has increased markedly in size, possibly as the result of vacuolation, and in which sporoblast nuclei are being prepared.
After death the somatic muscular tissues of the host undergo a progressive degeneration, the flesh becoming soft and friable at first, and later, after 12-24 hours, quite fluid, with an opalescent colour.
It has already been shown that the eff~cts of an infective focus are often very restricted. After the death of the host, however, each aggregate of trophic forms appears to exert a more extensive degenerative effect. Plate 3, Figure 1 , shows the early breakdown of myofibrilf in the neighbourhood of an aggregate of young trophozoites; the former break down at first into irregular blocks, and a fluid substance, which forms a granular coagulate on fixation, accumulates in the muscle fibre. That it is the various forms of trophic aggregate which produce the most extensive post-mortem damage is shown by the fact that quite thin envelopes of myofibrillae around aggregates of mature spores may persist intact for several hours after the death of the host. The visible areas of degeneration extend progressively from the infected into the uninfected areas until finally, in the "milky" fish, the entire musculature disintegrates.
The nature of the degenerative process has not been directly investigated. Perard, who studied the association between Chloromyxum histolyticum. and the post-mortem breakdown of the musculature in Scomber scomber, concluded that the degeneration was not the result of bacterial activity. Although special bacteriological methods have not been employed in the present work, it may be mentioned that there have been no signs of widespread bacterial activity in the post-mortem liquefaction of the muscles; on the other hand, close study shows that the latter is clearly correlated with the presence of C. thyrsites, and since, in the living host, the parasite is capable of destroying muscle fibres, without at any time appearing to feed holozoically, it seems reasonable to suppose that either the trophozoite induces autolysis of the tissues or that it secretes extra-cellular enzymes. If these suppositions are correct, it may be maintained further that the remarkable localization of the destructive effect in the living host is brought about by the removal of toxic or enzymatic substances in the blood stream. With the cessation of the circulation after death, such substances would tend to accumulate in the neighbourhood of the trophic aggregates, diffuse outwards, and produce the observed appearance of a liquefaction which proceeds progressively from the infected into the noninfected areas.
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